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INK JET RECO R DI NG H EAD AND INK JET R ECORDER 



BACKGROUND OF THE INVENTION 

L Field of the Invention 

This invention relates to an ink jet recording head wherein some of the pressure 
generation chambers communicating with nozzle openings for jetting ink drops are formed of a 
diaphragm and the diaphragm is formed on a surface with a piezoelectric element for jetting 
ink drops by displacement of the piezoelectric element, and an ink jet recorder comprising the 
ink jet recording head 

2. Description of the R elated A ft 

The following two types of ink jet recording heads, each wherein a part of a pressure 
generation chamber communicating with a nozzle opening for jetting an ink drop is formed of 
a diaphragm and the diaphragm is deformed by a piezoelectric element for pressurizing ink in 
the pressure generation chamber for jetting an ink drop from the nozzle opening, are 
commercially practical: One uses a piezoelectric actuator in a vertical vibration mode in which 
a piezoelectric element is expanded and contracted axially and the other uses a piezoelectric 
element in a deflection vibration mode. 

With the former, the volume of the pressure generation chamber can be changed by 
abutting an end face of the piezoelectric element against the diaphragm and heads appropriate 
for high-density printing can be manufactured However, in this example, a difficult step of 
dividing the piezoelectric element into comb-like teeth which match the arrangement pitch of 
the nozzle openings and positioning and fixing the piezoelectric element divisions in the 
pressure generation chambers are required and the manufacturing process is complicated 

In contrast, with the latter, the piezoelectric element can be created and attached to the 
diaphragm by executing a comparatively simple process of putting a green sheet of a 
piezoelectric material matching the form of the pressure generation chamber and calcining it, 
but a reasonable area is required because deflection vibration Is used. Accordingly, 
high-density arrangement is difficult to make. 

On the other hand to solve the problem of the latter recording head Japanese Patent 
Laid-Open No. Hei 5-286131 proposes an art wherein uniform piezoelectric material layer is 
formed over the entire surface of a diaphragm according to a film formation technique and is 
divided to a form corresponding to a pressure generation chamber according to a lithography 
technique for forming a piezoelectric element independently for each pressure generation 
chamber. 

This eliminates the need to place the piezoelectric element on the diaphragm and the 
piezoelectric element can be created by an accurate and simple technique of lithography 
method. In addition, the piezoelectric element can be thinned and high-speed drive is enabled. 

However, in the manufacturing method according to the lithography method and the 
thin-film technique described above, after thin film patterning, pressure generation chambers 



are formed At that time, a diaphragm is deflected to the pressure generation chamber side by 
the effect of easing the internal stresses of the upper electrode and piezoelectric layers and the 
deflection remains as the initial deformation of the diaphragm. Particularly, if the lower 
electrode is overetched, the deflection amount is large and the diaphragm deformation amount 
by driving a piezoelectric actuator becomes smaller than the calculation value. The possible 
reason is that the diaphragm is deflected by the effect of easing the internal stresses of the 
upper electrode and piezoelectric layers (and the lower electrode) in the tension direction and 
thus a plastic deformation area is reached beyond an elastic deformation area. In addition to a 
diaphragm containing a silicon oxide film, a diaphragm containing a zirconium oxide film as a 
highly rigid diaphragm is proposed as the diaphragm, but similar initial deformation occurs in 
any diaphragms. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide an ink jet recording head with the 
initial deflection amount of a diaphragm decreased and an ink jet recorder comprising the ink 
jet recording head. 

To the end, according to a first form of the invention, there is provided an ink jet 
recording head comprising a flow passage formation substrate where pressure generation 
chambers communicating with nozzle openings are defined, a piezoelectric element being 
placed on one side of the flow passage formation substrate via a diaphragm and having at least 
a lower electrode, a piezoelectric layer, and an upper electrode, characterized in that at least 
one of layers deposited together with the piezoelectric layer is a compression film having a 
compressive stress and the compression film has at least a part in a thickness direction removed 
in at least a part of an area opposed to the pressure generation chamber. 

In the first form of the invention, the initial deflection amount of the diaphragm is 
decreased by the stress released by compression film patterning when the pressure generation 
chambers are formed. 

In a second form of the invention, in the ink jet recording head in the first form, the 
compression film has at least a part in the thickness direction removed in an area which is 
opposed to the pressure generation chamber and is other than the piezoelectric layer. 

In the second form of the invention, the initial deflection amount of the diaphragm is 
decreased by the stress released by compression film patterning. 

In a third form of the invention, in the ink jet recording head in the first or second form, 
the compression film has at least a part in the thickness direction removed only in a portion 
along margins of the pressure generation chamber on both sides of the piezoelectric element in 
the width direction thereof. 

In the third form of the invention, the initial deflection amount of the diaphragm is 
decreased by removing the compression film at the minimum. 

In a fourth form of the invention, in the ink jet recording head in any one of the first to 
third forms, the compression film is a conductive film being placed between the lower 



electrode and the piezoelectric layer and made of a material substantially different from that of 
the lower electrode. 

In the fourth form of the invention, the initial deflection amount of the diaphragm is 
decreased by the stress released by conductive film patterning. 

In a fifth form of the invention, in the ink jet recording head in the fourth form, the 
conductive film is a film containing a first conductive film formed on the lower electrode and a 
second conductive film formed on the first conductive film and at least the first conductive film 
is a film made of a material different from that of the lower electrode. 

In the fifth form of the invention, in the manufacturing process, the residual stress 
occurring between the layers can be decreased. 

In a sixth form of the invention, in the ink jet recording head in the fifth form, the 
second conductive film is a film consisting essentially of either platinum or iridium. 

In the sixth form of the invention, the second conductive film is formed of a film 
consisting essentially of a specific metal, whereby the residual stress is decreased reliably. 

In a seventh form of the invention, in the ink jet recording head in the fifth or sixth 
form, the first conductive film is a metal oxide film. 

In the seventh form of the invention, the first conductive film is formed of a metal 
oxide film, whereby the residual stress is decreased reliably. 

In an eighth form of the invention, in the ink jet recording head in any one of the fifth 
to seventh forms, the first conductive film is a film formed of a material for preventing lead 
contained in the piezoelectric layer from diffusing. 

In the eighth form of the invention, diffusion of lead into the piezoelectric layer is 
prevented and degradation of the piezoelectric characteristic of the piezoelectric layer is 
prevented. 

In a ninth form of the invention, in the ink jet recording head in any one of the fifth to 
eighth forms, the first conductive film consists essentially of any of iridium oxide, rhenium 
oxide, or ruthenium oxide. 

In the ninth form of the invention, the first conductive film is formed of a specific 
material, whereby the residual stress is decreased reliably. 

In a tenth form of the invention, in the ink jet recording head in any one of the first to 
ninth forms, the compression film forms at least a part of an elastic film forming at least a part 
of the diaphragm. 

In the tenth form of the invention, the initial deflection amount of the diaphragm is 
decreased by the stress released by compression film patterning. 

In an eleventh form of the invention, in the ink jet recording head in the tenth form, at 
least the residue of the compression film forming a part of the elastic film is made of a 
polycrystalline substance. 

In the eleventh form of the invention, the rigidity of the residue is enhanced. 

In a twelfth form of the invention, in the ink jet recording head in the tenth or eleventh 
form, the elastic film is made of the compression film only. 
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In the twelfth form of the invention, the initial deflection is decreased by the stress 
released as a part of the compression film is removed. 

In a thirteenth form of the invention, in the ink jet recording head in the tenth or 
eleventh form, the elastic film is made of a film of multiple layers and at least the top layer is 
the compression film. 

In the thirteenth form of the invention, the compressive stress is released by top layer 
patterning and the initial deflection is decreased. 

In a fourteenth form of the invention, in the ink jet recording head in any one of the 
tenth to thirteenth forms, the compression film forming the elastic film is made of metal oxide. 

In the fourteenth form of the invention, a film having a compressive stress is formed of 
a metal oxide and when the pressure generation chambers are formed, downward deformation 
of the diaphragm can be prevented effectively. 
3 In a fifteenth form of the invention, in the ink jet recording head in the fourteenth form, 

71 the compression film is made of zirconium oxide or hafnium oxide and has a crystal structure 

yg of a monoclinic system. 

ffi In the fifteenth form of the invention, the compression film is made a film of a 

f J monoclinic system, whereby it can be made of a film having a compressive stress. 

jf* In a sixteenth form of the invention, in the ink jet recording head in any one of the 

* thirteenth to fifteenth forms, a layer below the compression film is a layer made of a material 

different from the compression film in etching characteristic and not selectively etched. 

In the sixteenth form of the invention, compression film patterning can be executed 

111 easily. 

\Q In a seventeenth form of the invention, in the ink jet recording head in the fifteenth 

^ form, the not selectively etched layer below the compression film is selected from the group 

consisting of metal, stabilization or partial stabilization zirconium oxide, and stabilization or 
partial stabilization hafnium oxide. 

In the seventeenth form of the invention, compression film etching can be executed 
easily because of the difference in etching property. 

In an eighteenth form of the invention, in the ink jet recording head in any one of the 
tenth to seventeenth forms, the lower electrode is made of a film having a tensile stress and is 
thinner than the compression film of the portion with at least a part removed. 

In the eighteenth form of the invention, the compressive stress released by compression 
film patterning becomes larger than the tensile stress released by lower electrode patterning, 
and the initial deflection amount is decreased. 

In a nineteenth form of the invention, in the ink jet recording head in any one of the 
thirteenth to eighteenth forms, the elastic film contains a silicon dioxide film or a boron-doped 
silicon film on the pressure generation chamber side. 

In the nineteenth form of the invention, the elastic film containing a silicon dioxide film 
serves as the diaphragm. 

In a twentieth form of the invention, in the ink jet recording head in any one of the first 
to nineteenth forms, the lower electrode is made of the compression film. 
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In the twentieth form of the invention, when the pressure generation chambers are 
formed, the piezoelectric layer is pulled outward in the width direction by the force of releasing 
the stress of the lower electrode, and the piezoelectric characteristic is improved. 

In a twenty-first form of the invention, in the ink jet recording head in the twentieth 
form, the lower electrode is made of a metal material 

In the twenty-first form of the invention, the lower electrode is formed of a metal 
material, whereby a compressive stress is provided and the piezoelectric characteristic can be 
improved. 

In a twenty-second form of the invention, in the ink jet recording head in the twentieth 
form, the lower electrode is made of metal oxide. 

In the twenty-second form of the invention, the lower electrode is formed of metal 
oxide, whereby a compressive stress is provided and the piezoelectric characteristic can be 
improved. 

In a twenty-third form of the invention, in the ink jet recording head in the twentieth 
form, the lower electrode is made of metal nitride. 

In the twenty-third form of the invention, the lower electrode, is formed of metal nitride, 
whereby a compressive stress is provided and the piezoelectric characteristic can be improved. 

In a twenty- fourth form of the invention, in the ink jet recording head in any one of the 
twentieth to twenty-third forms, the lower electrode on both sides of the piezoelectric layer in 
the width direction thereof is completely removed. 

In the twenty-fourth form of the invention, the compressive stress of the lower 
electrode is all released in the thickness direction and the initial deflection amount of the 
diaphragm can be decreased. 

In a twenty-fifth form of the invention, in the ink jet recording head in any one of the 
first to twenty-fourth forms, the upper electrode is formed of the compression film and is 
patterned together with the piezoelectric layer. 

In the twenty-fifth form of the invention, when the pressure generation chambers are 
formed, the diaphragm receives a stress in the tension direction from the upper electrode and is 
prevented from becoming deformed downward. 

In a twenty-sixth form of the invention, in the ink jet recording head in the twenty-fifth 
form, the upper electrode made of the compression film has a compressive stress at least after 
the piezoelectric element is patterned. 

In the twenty-sixth form of the invention, when the pressure generation chambers are 
formed, the diaphragm receives a stress in the tension direction from the upper electrode and is 
prevented from becoming deformed downward. 

In a twenty-seventh form of the invention, in the ink jet recording head in the 
twenty-sixth form, the upper electrode consists essentially of a metal material 

In the twenty-seventh form of the invention, the upper electrode is formed of a metal 
material, whereby a compressive stress can be provided. 

In a twenty-eighth form of the invention, in the ink jet recording head in the 
twenty-seventh form, the upper electrode made of the compression film is formed by a 



sputtering method and a predetermined gas is added into the metal material, whereby the upper 
electrode becomes subject to a compressive stress. 

In the twenty-eighth form of the invention, the upper electrode can be given a 
compressive stress easily without increasing the complexity of the manufacturing process. 

In a twenty-ninth form of the invention, in the ink jet recording head in the 
twenty-eighth form, the predetermined gas is an inert gas selected from the group consisting of 
helium, neon, argon, krypton, xenon, and radon. 

In the twenty-ninth form of the invention, gas does not react with the upper electrode 
and a compressive stress can be given to the upper electrode. 

In a thirtieth form of the invention, in the ink jet recording head in the twenty-seventh 
form, at least one additive selected from the group consisting of metal, semimetal, 
semiconductor, and insulator different in composition is added into the metal material, 
whereby the upper electrode made of the compression film becomes subject to a compressive 
stress. 

In the thirtieth form of the invention, a stronger compressive stress can be given to the 
upper electrode. 

In a thirty-first form of the invention, in the ink jet recording head in the thirtieth form, 
the additive is added to the upper electrode by executing ion implantation. 

In the thirty-first form of the invention, more additive is added to the upper layer side 
of the upper electrode, so that the upper layer side becomes subject to a stronger compressive 
stress. 

In a thirty-second form of the invention, in the ink jet recording head in the thirtieth 
form, the additive is added to the upper electrode by executing solid-phase diffusion from a 
layer placed on the upper electrode. 

In the thirty-second form of the invention, more additive is added to the upper layer 
side of the upper electrode, so that the upper layer side becomes subject to a stronger 
compressive stress. 

In a thirty-third form of the invention, in the ink jet recording head in the thirtieth form, 
the solid-phase diffusion is executed by heating in an insert gas or in a vacuum. 

In the thirty-third form of the invention, the solid-phase diffusion can be comparatively 
easily executed by heating in an insert gas or vacuum. 

In a thirty-fourth form of the invention, in the ink jet recording head in the twenty-fifth 
or twenty-sixth form, the upper electrode has a first electrode formed on a surface of the 
piezoelectric layer and a second electrode deposited on the first electrode and the second 
electrode is a film made of metal oxide or metal nitride. 

In the thirty-fourth form of the invention, the upper layer of the upper electrode is 
formed of an oxide film having a stronger compressive stress than the lower layer and when 
the pressure generation chambers are formed, the diaphragm is deformed upward effectively. 

In a thirty-fifth form of the invention, in the ink jet recording head in the thirty-fourth 
form, the first electrode consists essentially of a metal material 



In the thirty-fifth form of the invention, the first electrode is formed of a metal material, 
whereby a compressive stress can be provided. 

In a thirty-sixth form of the invention, in the ink jet recording head in any one of the 
twenty-first to thirty-fifth forms, the metal material is selected from the group consisting of 
platinum, palladium, iridium, rhodium, osmium, ruthenium, and rhenium, and compounds 
thereof. 

In the thirty-sixth form of the invention, the upper layer of the upper electrode is 
formed of an oxide film, whereby a stronger compressive stress than that of the lower layer can 
be provided and when the pressure generation chambers are formed, the diaphragm can be 
prevented effectively from becoming downward deformed. 

In a thirty-seventh form of the invention, in the ink jet recording head in any one of the 
fourteenth to thirty-sixth forms, the metal oxide is selected from the group consisting of 
ruthenium oxide, indium oxide tin, cadmium indium oxide, tin oxide, manganese oxide, 
rhenium oxide, iridium oxide, strontium ruthenium oxide, indium oxide, zinc oxide, titanium 
oxide, zirconium oxide, tantalum oxide, hafimim oxide, osmium oxide, rhodium oxide, 
palladium oxide, and molybdenum oxide, and compounds thereof. . 

In the thirty-seventh form of the invention, the film is formed of a specific metal oxide, 
whereby a compressive stress can be given to the film. 

In a thirty-eighth form of the invention, in the ink jet recording head in any one of the 
twenty-third to thirty-sixth forms, the metal nitride is selected from the group consisting of 
titanium nitride, niobium nitride, zirconium nitride, tungsten nitride, hafnium nitride, 
molybdenum nitride, tantalum nitride, chromium nitride, and palladium nitride, and 
compounds thereof. 

In the thirty-eighth form of the invention, the film is formed of a specific metal nitride, 
whereby a compressive stress can be given to the film. 

In a thirty-ninth form of the invention, in the ink jet recording head in the thirty-seven 
or thirty-eighth form, layers formed of the metal oxide and the metal nitride are formed by 
oxidation or nitriding after film formation. 

In the thirty-ninth form of the invention, the layers formed of the metal oxide and the 
metal nitride can be formed easily. 

In a fortieth form of the invention, in the ink jet recording head in any one of the first or 
thirty-ninth forms, the elastic film forming at least a part of the diaphragm has at least a part in 
the thickness direction removed in an area which is opposed to the pressure generation 
chamber and is other than the piezoelectric layer. 

In the fortieth form of the invention, a part of the elastic film is removed, whereby 
compliance of the elastic film increases and the deformation amount of the diaphragm by 
driving the piezoelectric element grows. 

In a forty-first form of the invention, in the ink jet recording head in the fortieth form, 
the elastic film has at least a part in the thickness direction removed only in a portion along the 
margins of the pressure generation chamber on both sides of the piezoelectric element in the 
width direction thereof. 



In the forty-first form of the invention, a part of the elastic film is removed, whereby 
compliance of the elastic film increases and the deformation amount of the diaphragm by 
driving the piezoelectric element grows. 

In a forty-second form of the invention, in the ink jet recording head in the fortieth or 
forty-first form, the piezoelectric element is formed on the elastic film so as to extend to the 
portion with at least a part of the elastic film removed. 

In the forty-second form of the invention, a position shift of the piezoelectric active part 
in the width direction thereof is prevented. 

In a forty-third form of the invention, in the ink jet recording head in the forty-second 
form, the piezoelectric layer forming the piezoelectric element is roughly uniformly thick. 

In the forty-third form of the invention, a position shift of the piezoelectric active part 
in the width direction thereof is prevented. 

In a forty-fourth form of the invention, in the ink jet recording head in the forty-second 
form, an end of the extension of the piezoelectric layer forming the piezoelectric element 
adjacent to the portion with the part of the elastic film removed is thicker than other portions. 

In the forty- fourth form of the invention, the electric break down at the end of the 
piezoelectric active part in the width direction thereof is suppressed. 

In a forty-fifth form of the invention, in the ink jet recording head in any one of the 
fortieth to forty-fourth forms, at least a part of the piezoelectric layer is formed across an area 
opposed to the pressure generation chamber and the piezoelectric element is formed by 
patterning only the upper electrode or the upper electrode and a part of the piezoelectric layer 
in the thickness direction thereof. 

In the forty-fifth form of the invention, the piezoelectric element is formed by 
patterning only the upper electrode, or the upper electrode and a part of the piezoelectric layer 
in the thickness direction thereof. 

In a forty-sixth form of the invention, in the ink jet recording head in any one of the 
fortieth to forty-fifth forms, the lower electrode is placed uniformly in an area opposed to the 
piezoelectric element and in other areas. 

In the forty-sixth form of the invention, the lower electrode is not removed, thus the 
initial deflection amount of the elastic film caused by the residual stress can be suppressed. 

In a forty-seventh form of the invention, in the ink jet recording head in any one of the 
first to forty-sixth forms, the diaphragm is deformed convex outwardly from the pressure 
generation chamber. 

In the forty-seventh form of the invention, the diaphragm is deformed on the opposite 
side to ink jetting in the initial state, thus the deformation amount of the diaphragm for ink 
jetting grows. 

In a forty-eighth form of the invention, in the ink jet recording head in any one of the 
first to forty-seventh forms, a stress of the piezoelectric layer when a drive force load is 
imposed on the piezoelectric element is equal to a stress at the piezoelectric layer formation 
time or is larger in a tension direction. 
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In a forty-ninth form of the invention, in the ink jet recording head in the forty-eighth 
form, the piezoelectric element in the area opposed to the pressure generation chamber is bent 
convex to the piezoelectric layer side when the pressure generation chamber is formed. 

In the forty-ninth form of the invention, the piezoelectric characteristic of the 
piezoelectric layer and the displacement amount of the diaphragm are improved and the 
exclusion volume grows. 

In a fiftieth form of the invention, in the ink jet recording head in the forty-eighth or 
forty-ninth form, the expansion force of a portion of the diaphragm opposed to the 
piezoelectric element in the area opposed to the pressure generation chamber is relatively 
smaller than the expansion force in the area not opposed to the piezoelectric element. 

In the fiftieth form of the invention, the piezoelectric characteristic of the piezoelectric 
layer forming a part of the piezoelectric element is improved and the displacement amount of 
the diaphragm increases. 

In a fifty-first form of the invention, in the ink jet recording head in any one of the first 
to fiftieth forms, the pressure generation chambers are formed on a silicon monocrystalline 
substrate by anisotropic etching and the layers of the piezoelectric- element are formed by a 
film forming and lithography process. 

In the fifty-first form of the invention, ink jet recording heads each having high-density 
nozzle openings can be manufactured in large quantity and comparatively easily. 

According to a fifty-second form of the invention, there is provided an ink jet recorder 
comprising an ink jet recording head in any one of the first to fifty-first forms. 

In the fifty-second form of the invention, the ink jet recorder having the head improved 
in ink jetting performance can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Referring now to the accompanying drawings, there are shown preferred embodiments 
of the invention. 

In the accompanying drawings: 

FIG. 1 is an exploded perspective view of an ink jet recording head according to a first 
embodiment of the invention; 

FIGs. 2(a)-2(b) are plan views and a sectional view of FIG. 1 to show the ink jet 
recording head according to the first embodiment of the invention; 

FIGs. 3(a)-3(b) are perspective views to show modified examples of a seal plate in FIG. 

l; 

FIGs. 4(a)-4(d) are sectional views to show a thin film manufacturing process in the 
first embodiment of the invention; 

FIGs. 5(a)-5(c) are sectional views to show a thin film manufacturing process in the 
first embodiment of the invention; 
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FIGs. 6(a)-6(c) are sectional views to show the state of stresses that a piezoelectric 
active part in the first embodiment of the invention receives at pressure generation chamber 
formation time; 

FIGs. 7(a)- 7(b) are sectional views to show the state of stresses that a conventional 
piezoelectric active part receives at pressure generation chamber formation time; 

FIGs. 8(a)- 8(b) are graphs each to show the relationship between the force applied to a 
diaphragm and the elastic deformation amount when a piezoelectric actuator is driven; 

FIG. 9 is a sectional view of the main part of an ink jet recording head according to a 
second embodiment of the invention; 

FIG. 10 is a sectional view of the main part of an ink jet recording head according to a 
third embodiment of the invention; 

FIG. 11 is a sectional view of the main part of an ink jet recording head according to a 
fourth embodiment of the invention; 

FIGs. 12(a)-12(b) are sectional views of the main part to show a modified example of 
the ink jet recording head according to the fourth embodiment of the invention; 

FIGs. 13(a)-13(c) are sectional views of the main part to show a modified example of 
the ink jet recording head according to the fourth embodiment of the invention; 

FIG. 14 is a sectional view of the main part of an ink jet recording head according to a 
fifth embodiment of the invention; 

FIG. 15 is a sectional view of the main part of an ink jet recording head according to a 
sixth embodiment of the invention; 

FIGs. 16(a)-16(c) are sectional views to show the state of stresses that a piezoelectric 
active part in a seventh embodiment of the invention receives at pressure generation chamber 
formation time; 

FIG. 17 is a sectional view of the main part of an ink jet recording head according to an 
eighth embodiment of the invention; 

FIGs. 18(a)-18(c) are sectional views to show the state of stresses that a piezoelectric 
active part in a ninth embodiment of the invention receives at pressure generation chamber 
formation time; 

FIGs. 19(a)-19(b) are sectional views to show a manufacturing method of an upper 
electrode film according to a tenth embodiment of the invention; 

FIGs. 20(a)-20(b) are sectional views to show another manufacturing method of the 
upper electrode film according to the tenth embodiment of the invention; 

FIG. 21 is a sectional view of the main part of an ink jet recording head according to an 
eleventh embodiment of the invention; 

FIGs. 22(a)-22(c) are plan and sectional views of the main part of an ink jet recording 
head according to a twelfth embodiment of the invention; 

FIG. 23 is a sectional view to show a modified example of the ink jet recording head 
according to the twelfth embodiment of the invention; 



FIGs. 24(a)-24(c) are sectional views to show the state of stresses that a piezoelectric 
active part in a thirteenth embodiment of the invention receives at pressure generation chamber 
formation time; 

FIGs. 25(a)-25(c) are sectional views to show the state of stresses that a piezoelectric 
active part in a fourteenth embodiment of the invention receives at pressure generation 
chamber formation time; 

FIG. 26 is a perspective view showing an ink jet recording head according to another 
embodiment of the invention; 

FIG. 27 is a sectional view showing the ink jet recording head according to the 
embodiment of the invention in FIG. 26; and 

FIG. 28 is a schematic diagram showing an ink jet recorder according to one 
embodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 is an exploded perspective view showing an ink jet recording head according to 
a first embodiment of the invention and FIG. 2 is a plan view of FIG, 1 and a view to show the 
sectional structure in the length direction of one pressure generation chamber. 

As shown in the figure, a flow passage formation substrate 10 is made of a silicon 
monocrystalline substrate of a <110> orientation in the embodiment. Normally, a substrate 
about 150-300 jutm thick is used as the flow passage formation substrate 10; preferably a 
substrate about 180-280 /im thick is used; more preferably a substrate about 220 jmm thick is 
used because the arrangement density can be made high while the rigidity of a partition 
between contiguous pressure generation chambers is maintained. 

The flow passage formation substrate 10 is formed on one face with an opening face 
and on an opposite face with an elastic film 50 of 0.2-3.0 jurn thick made of zirconium oxide 
having a compressive stress formed by forming a zirconium film and then thermally oxidizing 
it, for example. 

On the other hand, the flow passage formation substrate 10 is formed on the opening 
face with nozzle openings 11 and pressure generation chambers 12 by anisotropically etching 
the silicon monocrystalline substrate. 

The anisotropic etching is executed by using the nature that if the silicon 
monocrystalline substrate is immersed in an alkaline solution such as KOH, it gradually erodes, 
a first <111> plane perpendicular to a <110> plane and a second <111> plane formed about 70 
degrees with the first <111> plane and about 35 degrees with the <110> plane appear, and the 
etching rate of the <111> plane is about 1/180 that of the <110> plane. By the anisotropic 
etching, accurate work can be executed based on depth work of a parallelogram formed by the 
two first <111> planes and the two second <111> planes tilted, and the pressure generation 
chambers 12 can be arranged at a high density. 

In the embodiment, the long sides of each pressure generation chambers 12 are formed 
by the first <111> planes and the short sides are formed by the second <111> planes. The 
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pressure generation chambers 12 are formed by etching the silicon monocrystalline substrate to 
the elastic film 50. The amount of immersion of the elastic film 50 in the alkaline solution for 
etching the silicon monocrystalline substrate is extremely small. 

On the other hand, each nozzle opening 11 communicating with one end of each 
pressure generation chambers 12 is formed narrower and shallower than the pressure 
generation chambers 12. That is, the nozzle openings 11 are made by^ etching the silicon 
monocrystalline substrate to an intermediate point in the thickness direction (half etching). The 
half etching is executed by adjusting the etching time. 

The size of each pressure generation chamber 12 for giving ink drop jet pressure to ink 
and the size of each nozzle opening 11 for jetting ink drops are optimized in response to the 
jetted ink drop amount, jet speed, and jet frequency. For example, to record 360 ink drops per 
inch, the nozzle opening 11 needs to be made with accuracy with a groove width of several ten 
Aim. 

The pressure generation chambers 12 and a common ink chamber 31 described later 
are made to communicate with each other via ink supply communication ports 21 formed at 
positions of a seal plate 20 described later corresponding to ends of the pressure generation 
chambers 12. Ink is supplied from the common ink chamber 31 through the ink supply 
communication ports 21 to the pressure generation chambers 12. 

The seal plate is made of glass ceramic having a thickness of 0.1-1 mm and a linear 
expansion coefficient of 2.5-4.5 [X 10 YC] at 300°C or less, for example, formed with the ink 
supply communication ports 21 corresponding to the pressure generation chambers 12. The 
ink supply communication ports 21 may be one slit hole 21 A crossing the neighborhood of the 
ink supply side ends of the pressure generation chambers 12 as shown in FIG. 3a or a plurality 
of slit holes 21 B as shown in FIG. 3b, One face of the seal plate 20 covers fully one face of the 
flow passage formation substrate 10, namely, the seal plate 20 also serves as a reinforcing plate 
for protecting the silicon monocrystalline substrate from shock and external force. An opposite 
face of the seal plate 20 forms one wall face of the common ink chamber 31. 

A common ink chamber formation substrate 30 forms peripheral wall of the common 
ink chamber 31; it is made by stamping a stainless steel plate having a proper thickness 
responsive to the number of nozzle openings and the ink drop jet frequency. In the 
embodiment, the common ink chamber formation substrate 30 is 0.2 mm thick. 

An ink chamber side plate 40 is made of a stainless substrate and one face thereof 
forms one wall face of the common ink chamber 31. The ink chamber side plate 40 is formed 
with a thin wall 41 by forming a concave part 40a by half etching a part of an opposite face, 
and is punched to make an ink introduction port 42 for receiving ink supply from the outside. 
The thin wall 41 is adapted to absorb pressure toward the opposite side to the nozzle openings 
11 occurring when jetting ink drops; it prevents unnecessary positive or negative pressure from 
being applied to another pressure generation chamber 12 via the common ink chamber 31. In 
the embodiment, considering the rigidity required at the connection time of the ink introduction 
port 42 and external ink supply means, etc., the ink chamber side plate 40 is 0.2 mm thick and 
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the thin wall 41 is 0,02 mm thick. However, to skip formation of the thin wall 41 by half 
etching, the ink chamber side plate 40 may be made 0,02 mm thick from the beginning. 

On the other hand, on the elastic film 50 on the opposite side to the opening face of the 
flow passage formation substrate 10, a lower electrode film 60, for example, about 0,2 um 
thick, a piezoelectric film 70, for example, 1 jUm thick, and an upper electrode film 80, for 
example, about 0.1 JUL m thick are deposited by a process described later, making up a 
piezoelectric element 300. This piezoelectric element 300 refers to the portion containing the 
lower electrode film 60, the piezoelectric film 70, and the upper electrode film 80. Generally, 
one electrode of the piezoelectric element 300 is a common electrode and the other electrodes 
and the piezoelectric film 70 are patterned for each pressure generation chamber 12, A portion 
made up of the electrode and the piezoelectric film 70 patterned where piezoelectric distortion 
occurs as voltage is applied to both electrodes is referred to as piezoelectric active part 320. In 
the embodiment, the lower electrode film 60 is used as the common electrode of the 
piezoelectric element 300 and the upper electrode film 80 is used as a discrete electrode of the 
piezoelectric element 300, but the lower electrode film 60 may be used as a discrete electrode 
and the upper electrode film 80 may be used as the common electrode for convenience of a 
drive circuit and wiring. In any case, the piezoelectric active part is formed for each pressure 
generation chamber 12. Here, the piezoelectric element 300 and a diaphragm displaced by 
driving the piezoelectric element 300 are collectively called a piezoelectric actuator. In the 
example, the elastic film 50 and the lower electrode film 60 act as a diaphragm, but the lower 
electrode film may also serve as the elastic film. 

In the invention, a film deposited with the layers making up the piezoelectric element 
300 and having a compressive stress is placed on the piezoelectric element 300 side of the flow 
passage formation substrate 10 for decreasing the initial deflection amount of the diaphragm. 
In the embodiment, the elastic film 50 is the film having a compressive stress. 

A process of forming the elastic film 50 and the layers making up the piezoelectric 
element 300 on the flow passage formation substrate 10 made of a silicon monocrystalline 
substrate will be discussed with reference to FIG. 4. 

As shown in FIG. 4a, first the elastic film 50 having a compressive stress is formed on 
one face of a silicon monocrystalline substrate of which the flow passage formation substrate 
10 will be made. A material of a film having a predetermined strength and a compressive 
stress, for example, a polycrystalline substance such as a metal oxide is preferred as a material 
of the elastic film 50. For example, zirconium oxide, iridium oxide, ruthenium oxide, tantalum 
oxide, hafnium oxide, osmium oxide, rhenium oxide, rhodium oxide, palladium oxide, 
compounds thereof, etc., are named. For example, to use the zirconium oxide or hafnium 
oxide, it is made a monoclinic system whereby a film having a compressive stress can be 
formed. 

In the embodiment, a zirconium layer is formed on the silicon monocrystalline 
substrate by sputtering, then thermal oxidation processing is performed in oxygen in a diffusion 
furnace at about 1150°C, thereby forming the elastic film 50 made of zirconium oxide of 
monoclinic system. Here, when zirconium is oxidized, it is heated to a phase transition 



temperature or more, thus when it is cooled, it causes transition and becomes a monoclinic 
system, resulting in zirconium oxide having a compressive stress. 

Next, as shown in FIG. 4b, the lower electrode film 60 is formed by sputtering. 
Platinum, iridium, etc., is preferred as a material of the lower electrode film 60, because the 
piezoelectric film 70 (described later) formed by a sputtering method or a sol-gel method needs 
to be calcined and crystallized at a temperature of about 600°C-1000°C in an atmosphere or an 
oxygen atmosphere after film formation. That is, the material of the lower electrode film 60 
must be able to hold conductivity in such a high-temperature, oxygen atmosphere. Particularly 
if lead zirconate titanate (PZT) is used as the piezoelectric film 70, it is desired that the change 
in conductivity caused by diffusion of lead oxide is less; platinum, iridium, etc., is preferred for 
the reasons. 

Next, as shown in FIG. 4c, the piezoelectric film 70 is formed. The sputtering method 
can also be used to form the piezoelectric film 70. In the embodiment, however, a so-called 
O sol-gel method is used wherein sol comprising metal organic substance dissolved and dispersed 

fil in a solvent is applied and dried to gel and the gel is calcined at a high temperature, thereby 

;\T providing the piezoelectric film 70 made of metal oxide. A PZT family material is preferred as 

J a material of the piezoelectric film 70 for use with an ink jet recording head. 

CO Next, as shown in FIG. 4d, the upper electrode film 80 is formed. The upper electrode 

film 80 may be made of any material if it has high conductivity; for example, metal of 
f s aluminum, gold, nickel, platinum, etc., conductive oxide, etc., can be used. In the embodiment 

La the upper electrode film 80 is formed of platinum by the sputtering method. 

H- Next, the lower electrode film 60, the piezoelectric film 70, and the upper electrode 

j:J film 80 are patterned, as shown in FIG. 5. 

First, as shown in FIG. 5a, the lower electrode film 60, the piezoelectric film 70, and 
2 the upper electrode film 80 are etched together and the whole pattern of the lower electrode 

film 60 is made. Next, as shown in FIG. 5b, the piezoelectric film 70 and the upper electrode 
film 80 are etched for patterning the piezoelectric active parts 320. Next, as shown in FIG. 5c, 
the lower electrode film 60 of the arm part of the diaphragm on both sides of the piezoelectric 
active parts 320 in the width direction thereof facing the pressure generation chambers 12 is 
etched and removed and further the elastic film 50 is overetched to a part in the thickness 
direction for forming elastic film removal parts 350. The depth of the overetching of the elastic 
film 50 may be determined considering the stress balance of the whole film; particularly, if the 
lower electrode film 60 has a tensile stress, preferably the overetching is deeper than at least 
the thickness of the lower electrode film 60. For example, in the embodiment, the elastic film 
50 is formed at a depth of about 0.4 JLL m. 

In the embodiment, then, the pressure generation chambers 12 are formed by etching. 
The state of stresses that each piezoelectric active part 320 receives at the time will be 
discussed. FIG. 6 is an illustration to schematically show the state of a stress that each layer 
receives before and after the pressure generation chambers 12 are formed by etching. 

As shown in FIG. 6a, the lower electrode film 60, the piezoelectric film 70, and the 
upper electrode film 80 receive tensile stresses from the flow passage formation substrate 10 
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and the elastic film 50 receives a compressive stress. Thus, as shown in FIG. 6b, if the 
piezoelectric active parts 320 are patterned, parts of tensile stresses <7 3 , and 0 X of the lower 
electrode film 60, the piezoelectric film 70, and the upper electrode film 80 are released and as 
a part of the elastic film 50 is removed, a part of compressive stress a 4 is also released The 
magnitude of the released compressive stress cr 4 of the elastic film 50 is proportional to the 
depth of removal of the elastic film 50. Thus, in the embodiment, the elastic film 50 is 
removed deeper than at least the thickness of the lower electrode film 60 for adjusting the 
stress balance of the whole film, as described above. Therefore, then, as shown in FIG. 6c, if 
the pressure generation chamber 12 is formed below the piezoelectric active part 320, the 
compressive stress <7 4 of the elastic film 50 is opposite in direction to the tensile stresses cr 3 , O 
2, and O L of the lower electrode film 60, the piezoelectric film 70, and the upper electrode film 
80 received from the flow passage formation substrate 10. Thus, if the force of releasing the 
tensile stresses a\, O „ and O x of the lower electrode film 60, the piezoelectric film 70, and the 
upper electrode film 80 balances with the force of releasing the compressive stress C 4 of the 
elastic film 50, diaphragm deflection little occurs. 

If elastic film removal parts 350 are not formed although the elastic film 50 receives a 
compressive stress, the tensile stresses <7 37 a ^ andO^ remain in the lower electrode film 60, 
the piezoelectric film 70, and the upper electrode film 80 before the pressure generation 
chambers 12 are formed, as shown in FIG. 7a. Thus, if the pressure generation chambers 12 
are formed, the tensile stresses cr 3 , a ^ ando^ are released and become contracting forces, 
resulting in deformation of the elastic film 50 as a downward convex form, which remains as 
initial deformation, as shown in FIG. 7b. When the elastic film 50 receives a tensile stress 
rather than a compressive stress, if elastic film removal parts 350 are formed, the tensile stress 
of the elastic film 50 is also removed in a part and becomes a contracting force, causing the 
diaphragm to become deformed more downward convex. 

Thus, in the embodiment, the elastic film 50 is formed of the material having a 
compressive force and a part of the elastic film 50 is overetched to form the elastic film 
removal parts 350. Then, after the piezoelectric active parts 320 are patterned and the pressure 
generation chambers 12 are formed, compressive force is released in the elastic film removal 
parts 350 on both sides of each piezoelectric active part 320 in the width direction thereof and 
the elastic film 50 receives a tensile stress. Therefore, the stresses in the compression direction 
of the lower electrode film 60, the piezoelectric film 70, and the upper electrode film 80 are 
offset and the initial deflection amount of the diaphragm caused by forming the pressure 
veneration chambers 12 can be decreased or eliminated. At the same time, deformation of the 
piezoelectric film 70 can be prevented, thus the piezoelectric characteristic of the piezoelectric 
film 70 before the pressure generation chambers 12 are formed can be maintained. Therefore, 
the head displacement efficiency can be improved. Further, in the embodiment, the elastic film 
50 is formed of metal oxide of a polycrystalline substance for providing a predetermined 
strength, so that degradation of durability is also prevented. 

Hitherto, a zirconium oxide film has been used as an elastic film. In the invention, 
however, the zirconium oxide film is made the monoclinic system film having a strong 
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compressive stress and the compressive stress is released by etching, thereby easing initial 
deformation. A technique for preventing films from peeling off by making a zirconium oxide 
film a monoclinic system film for balancing stresses received on complex film is also proposed, 
but it does not release the compressive stress of the zirconium oxide film for easing initial 
deflection. 

In the description, the pressure generation chambers 12 are formed after the 
piezoelectric active parts 320 are patterned; in fact, as shown in FIG. 2, an insulator layer 90 
having electric insulation may be formed so as to cover at least the margins of the upper face of 
the upper electrode film 80 and the sides of the piezoelectric film 70 and the lower electrode 
film 60, Further, a part of the portion covering the upper face of the portion corresponding to 
one end of each piezoelectric active part 320 of the insulator layer 90 may be formed with a 
contact hole 90a for exposing a part of the upper electrode film 80 to connect to a lead 
electrode 100, and the lead electrode 100 may be connected at one end to the upper electrode 
film 80 through the contact hole 90a and extend at the other end to a connection terminal part. 
Preferably, the lead electrode 100 is formed to a narrow width as much as possible to the extent 
that it can reliably supply a drive signal to the upper electrode film 80. In the embodiment, the 
contact hole 90a is made in the area opposed to the pressure generation chamber 12, but the 
piezoelectric film 70 and the upper electrode film 80 of the piezoelectric active part 320 may 
be extended from one end in the length direction of the pressure generation chamber 12 to the 
area opposed to the surrounding wall, and the contact hole 90a may be made in a position 
opposed to the surrounding wall of the pressure generation chamber 12. 

In the film formation and anisotropic etching sequence described, a large number of 
chips are formed on one wafer at the same time and after the process terminates, they are 
separated for each flow passage formation substrate 10 of one chip size as shown in FIG. 1. 
Each flow passage formation substrate 10 is bonded to the seal plate 20, the common ink 
chamber formation substrate 30, and the ink chamber side plate 40 in order for one piece to 
form an ink jet recording head. 

With the ink jet recording head, ink is taken in from the ink introduction port 42 
connected to external ink supply means (not shown) and the inside of the recording head from 
the common ink chamber 31 to the nozzle openings 11 is filled with ink, and a voltage is 
applied between the lower electrode film 60 and the upper electrode film 80 via the lead 
electrode 100 according to a record signal from an external drive circuit (not shown) for 
deflection-deforming the elastic film 50, the lower electrode film 60, and the piezoelectric film 
70, thereby raising pressure in the pressure generation chambers 12 and jetting ink drops 
through the nozzle openings 11. 

FIG. 8a shows the relationship between the force applied to the diaphragm and the 
elastic deformation amount when the piezoelectric element of the embodiment is driven. As 
shown here, in the embodiment, the diaphragm does not become deformed at the initial stage, 
so that deformation T relative to force F occurring at the driving time occurs in the elastic 
deformation area. On the other hand, as shown in FIG. 8b, if initial deformation t is caused by 
initially applied force f by the stresses of the lower electrode film 60, the piezoelectric film 70, 



and the upper electrode film 80, when force F is applied at the driving time, the plastic 
deformation area is entered, thus corresponding deformation T is not obtained and deformation 
T occurs; (T-T r ) becomes a deformation loss. 

FIG. 9 is a sectional view of the main part of an ink jet recording head according to a 
second embodiment of the invention. 

The second embodiment has a similar structure to that of the first embodiment except 
that an elastic film is made up of multiple layers. 

In the second embodiment, as shown in FIG. 9, an elastic film 50A is made up of two 
layers of a first elastic film 51 made of a silicon oxide film 1.0 um thick, for example, formed 
on a flow passage formation substrate 10 and a second elastic film 52 formed of a metal oxide 
film, etc., having a compressive stress, such as zirconium oxide, for example, on the first 
elastic film 51. In the embodiment, a part of the second elastic film 52 is overetched to form an 
elastic film removal part 350A, thereby decreasing the initial deflection amount of a diaphragm 
and improving the piezoelectric characteristic. Of course, all of the second elastic film 52 in 
the thickness direction thereof may be removed to form the elastic film removal part 350A. 

According to the configuration of the embodiment, a similar advantage to that of the 
first embodiment is also provided. Further, the strength of the elastic film can be enhanced by 
making the elastic film of two layers and the diaphragm displacement efficiency can be 
reliably improved by forming the elastic film removal part 350A 

Preferably, the elastic film deposited below the elastic film formed with the elastic film 
removal part 350A (in the embodiment, the second elastic film 52), namely, the first elastic 
film 51 in the embodiment has a compressive stress, but the invention is not limited to it. At 
least the second elastic film 52 may have a compressive stress and the first elastic film 51 may 
have a tensile stress. In the embodiment, the first elastic film 51 is formed of a silicon oxide 
film, but the invention is not limited to it; for example, it may be formed of a boron-doped 
silicon film, a metal oxide film, or the like. 

To form the elastic film of multiple layers as in the embodiment, the elastic film having 
a compressive stress formed with the elastic film removal part may be formed of a silicon 
oxide film. 

FIG. 10 is a sectional view of the main part of an Inkjet recording head according to a 
third embodiment of the invention. 

The third embodiment has a similar structure to that of the above-described 
embodiment except that an elastic film is made up of multiple layers. 

In the third embodiment, as shown in FIG. 10, an elastic film 50B is made up of three 
layers of a first elastic film 51 A made of silicon oxide 1 jUm thick, for example, formed on a 
flow passage formation substrate 10, a second elastic film 52A made of metal of platinum, etc., 
0.2 jurn thick, for example, formed on the first elastic film 51, and a third elastic film 53 made 
of metal oxide, etc., of zirconium oxide, etc., having a compressive stress 1 thick, for 
example. In the embodiment, a part of the third elastic film 53 of the top layer in the plane 
direction thereof is removed to the second elastic film 52A to form an elastic film removal part 
350B. 



In the embodiment, the second elastic film 52A is formed of platinum, but the 
invention is not limited to it; the second elastic film 52A may be formed of metal having 
flexibility, such as iridium. 

Thus, the second elastic film 52A is formed of a metal material of platinum, iridium, 
etc., different from the third elastic film 53 in etching characteristic and not etched selectively, 
whereby the elastic film removal part 350B can be formed easily. The second elastic film 52A 
may be a metal oxide having a tensile stress, such as stabilization or partial stabilization 
zirconium oxide. 

In the embodiment, the first elastic film 51 is formed of a silicon oxide film, but may be 
formed of a boron-doped silicon film, etc. 

According to the configuration of the embodiment, a similar advantage to that of the 
above-described embodiment can also be provided. In the third embodiment, below the third 
elastic film 53 etched, the first and second elastic films 51 A and 52B formed of different 
materials are placed, so that diaphragm deflection caused by formation of the elastic film 
removal part 350B and pressure generation chambers 12 can be more suppressed. 

FIG. 11 is a sectional view of the main part of an ink jet recording head according to a 
fourth embodiment of the invention. 

As shown in the figure, the fourth embodiment is similar to the first embodiment 
except that a lower electrode film 60 is formed uniformly on an elastic film 50 without 
patterning for each piezoelectric active part 320. 

A formation method of the piezoelectric active part 320 in the fourth embodiment is not 
limited; after an elastic film removal part 350 is formed in a part of the elastic film 50, lower 
electrode film 60, piezoelectric film 70, and upper electrode film 80 may be formed and 
patterned. 

Also in the configuration, a similar advantage to that of the above-described 
embodiment can be provided. Since the lower electrode film 60 is formed uniformly in the 
fourth embodiment, the stress acting on the elastic film 50 in the portion corresponding to both 
sides of the piezoelectric active part 320 in the width direction thereof can be suppressed, so 
that destruction of the elastic film 50 by driving the piezoelectric active part 320 can be 
prevented. 

Since overetching of the lower electrode film 60 is not required, the film thickness of 
so-called arm part on both sides of the piezoelectric active part 320 in the width direction 
thereof is adjusted only by the depth of the elastic film removal part 350 and the film thickness 
of the arm part can be formed precisely. Further, damage to the piezoelectric film 70 caused 
by overetching the lower electrode film 60 does not occur and the jet characteristic can be 
improved. 

In the embodiment, the piezoelectric film 70 is placed separately corresponding to each 
pressure generation chamber 12 to form the piezoelectric active part 320, but the invention is 
not limited to it. For example, as shown in FIG. 12a, the piezoelectric film 70 may be placed 
on the whole flow passage formation substrate and the upper electrode film 80 may be placed 
separately corresponding to each pressure generation chamber 12. In this case, up to a part of 
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the piezoelectric film 70 in the thickness direction thereof may be removed by patterning the 
upper electrode film 80. Further, for example, as shown in FIG. 12b, patterning may be 
executed aggressively to a part of the piezoelectric film in the thickness direction thereof other 
than the area corresponding to the pressure generation chamber 12. 

In the above-described embodiment, the elastic film 50 in all areas other than the 
formation area of the piezoelectric active part 320 is patterned to form the elastic film removal 
part 350, but the invention is not limited to it. For example, as shown in FlGs. 13a and 13b, it 
may be formed only in the portion along the margin of the pressure generation chamber 12 on 
both sides of the piezoelectric active part 320 in the width direction thereof or, for example, as 
shown in FIG. 13c, it may be formed in the portion corresponding to both sides of the 
piezoelectric active part 320 in the width direction thereof and the outside of the end of the 
piezoelectric active part 320 in the length direction thereof. In this case, unlike the case where 
the lower electrode film 60 is removed, if the elastic film 50 is formed with the elastic film 
removal part 350, the piezoelectric film 70 can be extended onto the surrounding wall of the 
pressure generation chamber 12. In any way, the initial deflection amount of the elastic film 50 
can be decreased and diaphragm displacement can be improved as in the above-described 
embodiment. 

FIG. 14 shows the forms of a piezoelectric active part and a pressure generation 
chamber of an ink jet recording head according to a fifth embodiment of the invention. 

The fifth embodiment is the same as the first embodiment except that both ends of a 
piezoelectric active part 320 in the width direction thereof are extended each to the area 
opposed to an elastic film removal part 350 and a piezoelectric film 70 forming the 
piezoelectric active part 320 is formed in a uniform thickness. 

According to the configuration, a similar advantage to that of the fourth embodiment is 
provided. In the fifth embodiment, the piezoelectric active part is formed so that both ends in 
the width direction are positioned in the area opposed to the elastic film removal part 350. 
That is, the piezoelectric active part 320 is placed so as to sandwich both sides of an elastic 
film 50 in the width direction thereof in the relatively projected portion by the elastic film 
removal part 350. Therefore, a position shift in the width direction of the piezoelectric active 
part 320 can be prevented. 

FIG. 15 shows the forms of a piezoelectric active part and a pressure generation 
chamber of an ink jet recording head according to a sixth embodiment of the invention. 

The sixth embodiment has a basic structure similar to that of the above- described 
embodiment except that an elastic film removal part 350 is formed only in an elastic film 50 in 
the area corresponding to both sides of a piezoelectric active part 320 in the width direction 
thereof and the piezoelectric active part 320 is extended to the area opposed to the elastic film 
removal part 350. 

The elastic film removal part 350 is thus placed in a narrow width, whereby at the film 
formation time, a surface of a piezoelectric film 70 in the area opposed to the elastic film 
removal part 350 is not formed along the form of the elastic film 50 and is formed roughly like 
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a plane. Thus, if the piezoelectric active parts 320 are patterned, the piezoelectric film 70 in the 
area opposed to the elastic film removal part 350 remains thicker than other portions. 

Thus, the embodiment also provides a similar advantage to that of the second 
embodiment. In addition, an electric breakdown of the piezoelectric film 70 at the end of the 
piezoelectric active part 320 in the width direction thereof is prevented and reliability can be 
improved, 

A seventh embodiment of the invention is the same as the first embodiment except that 
a lower electrode film 60 is a film having a compressive stress in place of an elastic film 50 and 
at least a part of the lower electrode film 60 is removed to form a lower electrode film removal 
part 360 rather than elastic film removal part 350 on both sides of a piezoelectric active part 
320 in the width direction thereof and except that the elastic film 50 is a silicon dioxide film 
provided by oxidizing a surface of a flow passage formation substrate 10 made of a silicon 
monocrystalline substrate. 

The state of stresses that the piezoelectric active part 320 in the embodiment receives 
will be discussed FIG. 16 is an illustration to schematically show the state of a stress that each 
layer receives before and after pressure generation chambers 12 are formed by etching. 

As shown in FIG. 16a, a piezoelectric film 70 and an upper electrode film 80 receive 
tensile stresses & ^ and C L from the flow passage formation substrate 10 and in the 
embodiment, the lower electrode film 60 receives compressive stress <7 3 . Thus, as shown in 
FIG. 16b, if the piezoelectric active parts 320 are patterned, parts of the tensile stresses and 
(J l of the piezoelectric film 70 and the upper electrode film 80 are released and a part of the 
compressive stress CT 3 of the lower electrode film 60 is released. Next, as shown in FIG. 16c, 
if the pressure generation chamber 12 is formed below the piezoelectric active part 320, the 
tensile stresses 0^ and cr 1 of the piezoelectric film 70 and the upper electrode film 80 received 
from the flow passage formation substrate 10 are released and become force in the 
compression direction. On the other hand, the compressive stress (J 3 of the lower electrode 
film 60 where the lower electrode film removal part 360 is formed is released and becomes a 
force in the tension direction. Therefore, if the force of releasing the stresses <J 2 and C l of the 
piezoelectric film 70 and the upper electrode film 80 balances with the force of releasing the 
compressive stress <J 3 of the lower electrode film 60, diaphragm will be deflected by only a 
small amount. 

Preferably, the material of the lower electrode film 60 having such a compressive stress 
is a material of a film having a compressive stress, for example, metal, conductive oxide, or 
conductive nitride. Specifically, for example, platinum, iridium, ruthenium, osmium, rhenium, 
rhodium, palladium, compounds thereof, etc., are named as metal For example, ruthenium 
oxide, indium oxide tin, cadmium indium oxide, tin oxide, manganese oxide, rhenium oxide, 
iridium oxide, strontium ruthenium oxide, indium oxide, zinc oxide, titanium oxide, zirconium 
oxide, hafnium oxide, molybdenum oxide, compounds thereof, etc., are named as conductive 
oxides. Niobium nitride, zirconium nitride, tungsten nitride, hafnium nitride, molybdenum 
nitride, tantalum nitride, chromium nitride, palladium nitride, compounds thereof, etc., are 
named as conductive nitrides. 
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The lower electrode film 60 can be formed by the sol-gel method, the sputtering 
method, etc., as in the above-described embodiment. Further, as described above, generally the 
piezoelectric film 70, which is formed by the sputtering method or the sol-gel method, needs to 
be calcined and crystallized at a temperature of about 600°C-1000°C in an atmosphere or an 
oxygen atmosphere after film formation. Thus, if metal of platinum, iridium, etc., is used as 
the material of the lower electrode film 60, the lower electrode film 60 develops a tensile stress 
in such a high-temperature, oxygen atmosphere. In such a case, the lower electrode film 60 
can be made to have a compressive stress by a method of forming a precursor film of PZT by 
the sol-gel method, the sputtering method, or the like, then crystal-growing the piezoelectric 
film 70 at low temperature by a high-pressure treatment method in an alkaline water solution. 

Thus, in the embodiment, the lower electrode film 60 is formed of the material having a 
compressive force and a part of the lower electrode film 60 is overetched to form the lower 
electrode film removal parts 360. Then, after the piezoelectric active parts 320 are patterned 
and the pressure generation chambers 12 are formed, compressive force is released in the lower 
electrode film removal parts 360 placed on both sides in the width direction of each 
piezoelectric active part 320, whereby the elastic film 50 receives a stress in the tension 
direction. Therefore, the stresses of the piezoelectric film 70 and the upper electrode film 80 in 
the compression direction are offset and the initial deflection amount of a diaphragm caused by 
forming the pressure generation chambers 12 can be decreased or eliminated. At the same time, 
deformation of the piezoelectric film 70 can be prevented, thus the piezoelectric characteristic 
of the piezoelectric film 70 before the pressure generation chambers 12 are formed can be 
maintained. That is, the head displacement efficiency can be improved. 

The magnitude of the released compressive stress of the lower electrode film 60 is 
determined by the depth of the lower electrode film removal part 360. Therefore, preferably 
the depth of the lower electrode film removal part 360 is determined considering the stress 
balance of the whole film; for example, in the embodiment, the depth is set to 0.1 jUm. 

FIG. 17 is a sectional view of the main part of an ink jet recording head according to an 
eighth embodiment of the invention. 

In the eighth embodiment, as shown in FIG. 17, a lower electrode film 60 is removed 
completely in the thickness direction thereof to form a lower electrode removal part 360 A. 
Since the lower electrode film 60 in the portion corresponding to the lower electrode removal 
part 360A is removed completely, a diaphragm in the portion becomes thin and it is feared that 
the strength may be lowered. Thus, a second elastic film 55 made of zirconium oxide, etc., for 
example, is placed between an elastic film 50 and the lower electrode film 60 for holding the 
strength of the elastic film 50. The eighth embodiment is the same as the seventh embodiment 
in other points. 

According to the configuration, a similar advantage to that of the seventh embodiment 
is provided. In the eighth embodiment, the second elastic film 55 is placed, so that the strength 
of the elastic film 50 is held and degradation of durability is prevented 

In the embodiment, the second elastic film 55 is placed on the elastic film 50, but the 
invention is not limited to it. For example, the second elastic film made of zirconium oxide, 
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etc, may be placed directly on a flow passage formation substrate 10 without placing the 
elastic film. 

A ninth embodiment of the invention is the same as the first embodiment except that an 
upper electrode film 80 is a film having a compressive stress in place of a lower electrode film 
60 and only the upper electrode film 80 and a piezoelectric film 70 are removed on both sides 
of a piezoelectric active part 320 in the width direction thereof. 

The state of stresses that the piezoelectric active part 320 in the embodiment receives 
will be discussed. FIGs. 18(a)-18(c) are illustrations to schematically show the state of a stress 
that each layer receives before and after pressure generation chambers 12 are formed by 
etching. 

As shown in FIG. 18a, in a state in which the layers of the piezoelectric film 70 and the 
upper electrode film 80 are formed, the piezoelectric film 70 and a lower electrode film 60 
receive tensile stresses 0 ^ and 0 3 from a flow passage formation substrate 10 and the upper 
electrode film 80 and an elastic film 50 receive compressive stresses 0 l and <7 4 . As shown in 
FIG. 18b, if the piezoelectric active parts 320 are patterned, parts of the stresses 0 t and 0 2 of 
the upper electrode film 80 and the piezoelectric film 70 are released. Next, as shown in FIG. 
18c, if the pressure generation chamber 12 is formed below the piezoelectric active part 320, 
the stresses that the piezoelectric film 70 and the upper electrode film 80 receive from the flow 
passage formation substrate 10 are opposite in direction to each other. Thus, if the force of 
releasing the tensile stress 0 2 of the piezoelectric film 70 balances with the force of releasing 
the compressive stress 0 1 of the upper electrode film 80, deflection of a diaphragm made up of 
the lower electrode film 60 and the elastic film 50 little occurs. 

Preferably, the material of the upper electrode film 80 having such a compressive stress 
is a material having a compressive stress and high conductivity, for example, any metal of 
platinum, palladium, iridium, rhodium, osmium, ruthenium, or rhenium. 

The upper electrode film 80 may be formed by the sputtering method as in the 
above-described embodiment. In the ninth embodiment, the upper electrode film 80 is formed 
by the sputtering method in a predetermined gas, for example, at gas pressure 1 Pa or less, 
whereby the gas is taken into the upper electrode film 80, so that a larger compressive stress 
can be given to the upper electrode film 80. 

Preferably, the gas taken into the upper electrode film 80 is an inert gas, for example, 
helium, neon, argon, krypton, xenon, or radon. The conditions of the gas pressure, etc, in 
sputtering may be adjusted appropriately according to the sputtering system, material, etc. 

In the embodiment, a compressive stress is thus given to the upper electrode film 80 at 
least in the film formation state, so that the upper electrode film 80 receives a stress in the 
tension direction (the compressive stress is released) after the piezoelectric active parts 320 are 
patterned and the pressure generation chambers 12 are formed. The tension stress and the 
stress of the piezoelectric film 70 in the compression direction are offset and the initial 
deflection amount of the diaphragm caused by forming the pressure generation chambers 12 
can be decreased or eliminated. As described above, since the initial deflection amount of the 
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diaphragm is decreased, a plastic deformation area is not entered even by driving the 
piezoelectric active part 320 and the deformation amount can be improved substantially. 

In the embodiment, an inert gas is taken into the upper electrode film 80, whereby a 
larger compressive stress is given to the upper electrode film 80, but the invention is not 
limited to it. Basically, the upper electrode film 80 has a compressive force, thus an inert gas 
need not necessarily be taken into the upper electrode film 80, needless to say. 

A tenth embodiment of the embodiment is the same as the ninth embodiment except 
that an upper electrode film 80 is given a compressive stress by adding an additive of 
semimetal, semiconductor, insulator, or the like of constituents different from the metal of the 
upper electrode film 80. 

For example, as shown in FIG. 19a, any of the additives can be added to the upper 
electrode film 80 by ion implantation from above the upper electrode film 80 after the upper 
electrode film 80 is formed. 

For example, as shown in FIG. 20a, any of the additives can also be added to the upper 
electrode film 80 by forming an additive layer 85 added to the upper electrode film 80 thereon 
and then heating in an inert gas or in vacuum, thereby solid-phase diffusing the constituent 
element of the additive layer 85 into the upper electrode film 80. 

If an additive is thus added to the upper electrode film 80 by the ion implantation or 
solid-phase diffusion, it is added to an upper layer 81 of the upper electrode film 80, as shown 
in FIG. 19b or FIG. 20b, so that the upper layer 81 of the upper electrode film 80 has a 
particularly strong compressive stress. 

Thus, an additive of metal, etc., different from the metal of the upper electrode film 80 
is added to the upper electrode film 80, whereby the upper electrode film 80 is expanded in 
volume and thus becomes a compressive stress. Therefore, as in the first embodiment, the 
initial deflection amount of a diaphragm can be decreased, the deformation amount of the 
diaphragm by driving a piezoelectric active part 320 can be improved substantially. In the 
embodiment, the upper layer of the upper electrode film 80 is made to have a particularly 
strong compressive stress, so that the initial deflection amount of the diaphragm can be 
decreased effectively. 

FIG. 21 is a sectional view of the main part of an ink jet recording head according to an 
eleventh embodiment of the invention. 

As shown in the figure, the eleventh embodiment is the same as the ninth embodiment 
except that an upper electrode film 80A is made up of a first electrode film 82 coming in 
contact with a piezoelectric film 70 and a second electrode film 83 deposited on the first 
electrode film 82. 

The first electrode film 82 forming a part of the upper electrode film 80A in the 
eleventh embodiment is formed of any metal of platinum, palladium, iridium, rhodium, 
osmium, ruthenium, or rhenium and has a compressive stress as in the first embodiment. 
Preferably, the second electrode film 83 has a compressive stress stronger than the first 
electrode film 82 and is made of, for example, a conductive oxide film of ruthenium oxide, 
indium oxide tin, cadmium indium oxide, tin oxide, manganese oxide, rhenium oxide, iridium 
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oxide, strontium ruthenium oxide, indium oxide, zinc oxide, titanium oxide, zirconium oxide, 
hafnium oxide, molybdenum oxide, etc., or, for example, a conductive nitride film of titanium 
nitride, niobium nitride, zirconium nitride, tungsten nitride, hafnium nitride, molybdenum 
nitride, tantalum nitride, chromium nitride, palladium nitride^ etc. 

A formation method of the upper electrode film 80A in the embodiment is not limited; 
in the embodiment, the upper electrode film 80A is formed according to the following method: 

After a lower electrode film 60 and the piezoelectric film 70 are formed on a flow 
passage formation substrate 10 as in the thin film manufacturing process in the first 
embodiment, first the first electrode film 82 forming a part of the upper electrode film 80A is 
formed, next the second electrode film 83 having a major constituent different from that of the 
first electrode film 82 is formed thereon. Preferably, the second electrode film 83 is made of a 
conductive oxide film or a conductive nitride film; a conductive oxide or nitride film may be 
directly formed or may be formed by oxidation or nitriding after film formation. 

Then, piezoelectric active part 320 and pressure generation chamber 12 are formed as 
in the above-described manufacturing process. 

If the upper electrode film 80A is thus formed, the deformation amount of a diaphragm 
by driving the piezoelectric active part can be improved. The upper electrode film 80A is 
made up of the two layers each having a compressive stress and the upper layer of the upper 
electrode film 80A is formed of a conductive oxide film, a conductive nitride film, or the like, 
thereby creating a higher compressive stress than that of the lower layer, so that the initial 
deflection amount of the diaphragm can be suppressed effectively as in the tenth embodiment. 

In the eleventh embodiment, the upper electrode film 80A is made up of the two layers, 
but may be formed of only the second electrode film 83 made of a conductive oxide film or a 
conductive nitride film without placing the first electrode film 82, for example. Also in the 
configuration, a similar advantage to that of the above-described embodiment can be provided. 

FIGs. 22(a)-22(c) are views to show the main part of an ink jet recording head 
according to a twelfth embodiment of the invention; FIG. 22a is a plan view, FIG. 22b is a 
sectional view taken on line B-B' in FIG. 22a, and FIG. 22c is a sectional view taken on line 
C-C in FIG. 22a. 

As shown in FIG. 22, the twelfth embodiment is the same as the seventh embodiment 
except that an elastic film removal part 350A is provided by removing a part of an elastic film 
50 in the thickness direction thereof in a narrower width than a piezoelectric active part 320 
over the length direction roughly in the center in the width direction of the area opposed to the 
piezoelectric active part 320 on the area side of the elastic film 50 opposed to a pressure 
generation chamber 12 and except that a lower electrode film 60 on both sides of the 
piezoelectric active part 320 in the width direction thereof is all removed. 

Also in the configuration, a part of the compressive stress of the elastic film 50 is 
released by the elastic film removal part 350A and the initial deflection amount of a diaphragm 
can be decreased as in the above-described embodiment. Further, a force in the tension 
direction is given to a piezoelectric film 70 at the same time as the initial deflection amount of 
the diaphragm can be decreased, whereby the stress of the piezoelectric film 70 can be made 




equal to that at the film formation time or can be strengthened in the tension direction and the 
piezoelectric characteristic can be improved substantially. 

In the embodiment, the elastic film removal part 350A is placed roughly in the center in 
the width direction of the elastic film 50 on the pressure generation chamber 12 side, but the 
invention is not limited to it. For example, as shown in FIG. 23, the elastic film removal part 
350A may be placed on both sides of the elastic film 50 in the width direction thereof on the 
pressure generation chamber 12 side. 

Also in the configuration, a part of the compressive stress of the elastic film 50 is 
released by the elastic film removal part 350A, the initial deflection amount of the diaphragm 
can be decreased, and the piezoelectric characteristic can be improved substantially as in the 
above-described embodiment. 

In a thirteenth embodiment of the invention, a conductive film 65 made of a material 
substantially different from a lower electrode film 60 is further placed between the lower 
electrode film 60 and a piezoelectric film 70 and is a film having a compressive stress and the 
conductive film 65 on both sides of a piezoelectric active part 320 in the width direction 
thereof is removed to form a conductive film removal part 370. An .elastic film 50 is a silicon 
dioxide film provided by oxidizing a surface of a flow passage formation substrate 10 made of 
a silicon monocrystalline substrate. The thirteenth embodiment is the same as the first 
embodiment in other points. 

The state of stresses that the piezoelectric active part 320 in the embodiment receives 
will be discussed. FIGs. 24(a)-24(c) schematically show the state of a stress that each layer 
receives before and after pressure generation chambers 12 are formed by etching. 

As shown in FIG. 24a, in a state in which the layers of the piezoelectric film 70, an 
upper electrode film 80, etc., are formed, the upper electrode film 80, the piezoelectric film 70, 
and the lower electrode film 60 receive tensile stresses a\, O ^ and (J 3 from a flow passage 
formation substrate 10 and in the embodiment, the elastic film 50 and the conductive film 65 
receive compressive stress CT 4 andO\. As shown in FIG. 24b, if the piezoelectric active parts 
320 are patterned, parts of the tensile stresses cr t and<7 2 of the upper electrode film 80 and the 
piezoelectric film 70 are released and a part of the compressive stress cr 5 of the conductive film 
65 is released. Next, as shown in FIG. 24c, if the pressure generation chamber 12 is formed 
below the piezoelectric active part 320, the stresses that the upper electrode film 80 and the 
piezoelectric film 70 receive from the flow passage formation substrate 10 are opposite in 
direction to the stress that the conductive film 65 receives therefrom. Thus, if the force of 
releasing the tensile stresses a, and <J 2 of the upper electrode film 80 and the piezoelectric 
film 70 balances with the force of releasing the compressive stress <J 5 of the conductive film 
65, deflection of a diaphragm made up of the lower electrode film 60 and the elastic film 50 
little occurs. 

Preferably, the conductive film 65 is a film receiving a compressive stress and having 
poor reactivity with the piezoelectric film 70 (preferably such a film with lead of PZT not 
diffused). Considering the conditions, preferably the conductive film 65 is a metal oxide film, 
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specifically a film consisting essentially of any one of iridium oxide, rhenium oxide, or 
ruthenium oxide. 

A manufacturing method of the conductive film 65 is not limited After the lower 
electrode film 60 is formed, the conductive film 65 can be formed by the sol-gel method, for 
example, as in the above-described embodiment. Then, the piezoelectric film 70 and the upper 
electrode film 80 are formed, the piezoelectric active parts 320 are patterned, and the 
conductive film 65 on both sides of the piezoelectric active part 320 in the width direction 
thereof is patterned to form the conductive film removal part 370, thereby providing the 
configuration of the embodiment. 

The measurement results of the diaphragm displacement amounts of the ink jet 
recording head of the embodiment and the conventional ink jet recording head are as follows: 

The parameters in the layers of the ink jet recording head of the embodiment are as 
follows: The upper electrode film 80 is made of material of platinum and is 100 nm thick. The 
piezoelectric film 70 has a piezoelectric distortion constant of 150 pC/N and is 1000 nm thick. 
The upper electrode film 80 and the piezoelectric film 70 are 40 jum wide. The conductive 
film 65 is made of material of iridium oxide and is 0.7 jUm thick. The lower electrode film 60 
is made of material of platinum and is 0.2 JLi m thick. The elastic film 50 is 1.0 jUm thick. The 
voltage applied to the piezoelectric film 70 is 25 V. The maximum displacement amount of 
the elastic film 50 was 195 nm under the conditions. 

When the same compliance is applied in the related art (wherein the conductive film 65 
is not provided) under the same conditions as above, the maximum displacement amount was 
150 nm. Thus, the configuration of the embodiment can provide displacement 30% larger than 
that in the related art. That is, the initial deflection amount of the diaphragm is decreased 
reliably. 

As described, according to the embodiment, as in the above-described embodiment, the 
initial deflection amount of the diaphragm can be decreased and further the durability when the 
diaphragm of the ink jet recording head is driven improves. In the embodiment, the conductive 
film 65 is placed between the lower electrode film 60 and the piezoelectric film 70. Thus, to 
etch the conductive film 65 until the lower electrode film 60 is exposed in the manufacturing 
process of the ink jet recording head, if an etching gas with a large etching selection ratio 
between the conductive film 65 and the lower electrode film 60 is selected appropriately, 
etching can be stopped under good control For example, to use a plasma motor for etching, 
etching end point control is facilitated. Therefore, the manufacturing yield of the ink jet 
recording heads is enhanced and ink jet recording heads fitted to mass production can be 
provided, so that the manufacturing costs can be reduced. 

In the embodiment, the conductive film 65 is formed of one layer, but the invention is 
not limited to it; for example, the conductive film 65 may be formed of two layers. In this case, 
preferably each of the two layers has a compressive stress, but the invention is not limited to it; 
at least the upper layer may have a compressive stress. 

In the above-described embodiments, the diaphragm state after the pressure generation 
chamber 12 is formed is not shown; the stress state in each layer is optimized, whereby the 



diaphragm can be deformed upwardly convex, and the piezoelectric characteristic, etc., can be 
more improved. 

In the embodiments wherein any layer is made a compressive film and its removal part 
is provided, a part of the arm of the elastic film 50 in the thickness direction thereof may be 
removed. According to the configuration, the elastic film 50 becomes easily deformed and 
becomes easily upwardly convex accordingly. At this time, the elastic film 50 may be a 
compressive stress or a tensile stress. 

FI Gs. 25(a)-25(c) show the stress state of a piezoelectric active part 320 in a fourteenth 
embodiment of the invention wherein an upper electrode film 80 and an elastic film 50 are 
compressive stresses and the elastic film 50 is formed in an arm with an elastic film removal 
part 350. 

As shown in FIG. 25a, in a state in which the layers of a piezoelectric film 70 and the 
upper electrode film 80 are formed, the piezoelectric film 70 and the lower electrode film 60 
receive tensile stresses <J 2 anda\ from a flow passage formation substrate 10 and the upper 
electrode film 80 and the elastic film 50 receive compressive stresses O l and<7 4 . In the 
embodiment, the magnitude of the compressive stress C 1 of the upper electrode film 80 is 
larger than the magnitude of the tensile stress c7 2 and cr 3 of the piezoelectric film 70, the lower 
electrode film 60. It grows in the compression direction as the stress of the whole film. As 
shown in FIG. 25b, if the piezoelectric active parts 320 are patterned, parts of the stresses O l7 
0*2, and 0* 3 of the upper electrode film 80, the piezoelectric film 70, and the lower electrode 
film 60 are released. At the same time, a part of the stress C 4 of the elastic film 50 is also 
released because a part of the elastic film 50 on both sides of the piezoelectric active part 320 
in the width direction thereof is removed to form the elastic film removal part 350 in the 
embodiment. Next, as shown in FIG. 25c, if the pressure generation chamber 12 is formed 
below the piezoelectric active part 320, the stresses that the piezoelectric film 70 and the lower 
electrode film 60 receive from the flow passage formation substrate 10 are opposite in direction 
to the stresses that the upper electrode film 80 and the elastic film 60 receives therefrom, and 
the force of releasing a part of the compressive stress cr 1 of the upper electrode film 80 and a 
part of the compressive stress 0* 4 of the elastic film 50 is larger than the force of releasing of 
the tensile stresses (J 2 andcr 3 of the piezoelectric film 70 and the lower electrode film 60, thus 
a diaphragm made of the elastic film 50 becomes deformed upwardly convex. 

In the embodiment, the upper electrode film 80 is thus given the compressive stress of a 
predetermined magnitude or more. Thus, if the piezoelectric active parts 320 are patterned and 
the pressure generation chambers 12 are formed, the upper electrode film 80 receives a tensile 
stress (the compressive stress is released) and is offset with the stresses of the piezoelectric film 
70 and the lower electrode film 60 in the compression direction and the diaphragm can be 
deformed upwardly convex. Particularly, in the embodiment, the elastic film 50 on both sides 
of the piezoelectric active part 320 in the width direction thereof is formed with the elastic film 
removal part 350 provided by removing a part in the thickness direction, so that the compliance 
of the diaphragm is improved and the diaphragm becomes more easily deformed upwardly 



convex. Therefore, the deformation amount of the diaphragm by driving the piezoelectric 
active part 320 can be improved remarkably. 

In the embodiment, the elastic film 50 and the upper electrode film 80 are compression 
films having compressive stresses, but the invention is not limited to it. At least any of the 
lower electrode film 60, the upper electrode film 80, or a conductive film 65 formed on the 
lower electrode film 60 may be a compression film; of course, two or all of them may be 
compression films. 

The embodiments of the invention have been described, but the basic configurations of 
the ink jet recording heads are not limited to those described above. 

For example, in addition to the seal plate 20, the common ink chamber formation plate 
30 may be made of glass ceramic and further the thin film 41 may be made of glass ceramic as 
a separate member; the material, structure, etc., can be changed as desired. 

In the above-described embodiments, the nozzle openings are made in the end face of 
the flow passage formation substrate 10, but nozzle openings projecting in the vertical direction 
to a plane may be made. 

FIG. 26 is an exploded perspective view of an embodiment. thus configured and FIG. 
27 is a sectional view of a flow passage in the embodiment. In the embodiment, nozzle 
openings 11 are made in a nozzle substrate 120 opposite to a piezoelectric element and nozzle 
communication ports 22 for allowing the nozzle openings 11 and pressure generation chambers 
12 to communicate with each other are disposed so as to pierce a seal plate 20, a common ink 
chamber formation plate 30, a thin plate 41A, and an ink chamber side plate 40A 

In addition, the thin plate 41A and the ink chamber side plate 40A are made separate 
members and the ink chamber side plate 40A is formed with an opening 40b. The embodiment 
is basically similar to the above-described embodiment in other points. Parts identical with 
those previously described with reference to the figures are denoted by the same reference 
numerals in FIG. 26 and FIG. 27 and will not be discussed again. 

Of course, the embodiment can also be applied to the ink jet recording head of the type 
wherein a common ink chamber is formed in a flow passage formation substrate. 

In the above-described embodiments, the thin-film ink jet recording heads that can be 
manufactured by applying film formation and lithography process are taken as examples, but 
the invention is not limited to them, of course. The invention can be applied to ink jet 
recording heads of various structures, such as a structure wherein substrates are deposited to 
form pressure generation chambers and a structure wherein a green sheet is put or screen 
printing, etc., is executed to form a piezoelectric film. 

In the description, the insulating layer is placed between the piezoelectric element and 
the lead electrode, but the invention is not limited to it. For example, without providing the 
insulating layer, an anisotropic conductive film is thermally attached onto each upper electrode 
and is connected to a lead electrode or various bonding techniques such as wire bonding may 
be used for connection. 

Thus, the invention can be applied to ink jet recording heads of various structures 
without departing from the spirit and scope of the invention. 
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Each of the ink jet recording heads of the embodiments forms a part of a recording 
head unit comprising an ink flow passage communicating with an ink cartridge, etc., and is 
installed in an ink jet recorder, FIG. 28 is a schematic diagram to show an example of the ink 
jet recorder. 

As shown here, cartridges 2A and 2B forming ink supply means are detachably placed 
in recording head units 1A and IB each having an ink jet recording head, and a carriage 3 on 
which the recording head units 1A and IB are mounted is placed axially movably on a carriage 
shaft 5 attached to a recorder main body 4. The recording head units 1 A and IB jet a black ink 
composite and a color ink composite respectively, for example. 

A driving force of a drive motor 6 is transmitted to the carriage 3 via a plurality of 
gears and a timing belt (not shown), whereby the carriage 3 on which the recording head units 
1A and IB are mounted is moved along the carriage shaft 5. On the other hand, the recorder 
main body 4 is provided with a platen 8 along the carriage shaft 5 and a recording sheet S of a 
recording medium such as paper fed by a paper feed roller, etc., (not shown) is wrapped around 
the platen 8 and is transported. 

As described above, according to the invention, the film having a compressive stress is 
formed on the elastic film side of the flow passage formation substrate and at least a part of the 
portion of the film corresponding to the arm of the diaphragm is removed. Thus, a part of the 
compressive stress is released and if the pressure generation chambers are patterned, deflection 
of the diaphragm can be reduced. If only a small deflection of the diaphragm occurs, the 
piezoelectric characteristic of the piezoelectric film before the pressure generation chambers 
are formed can be maintained and substantially improved and the displacement efficiency of 
the head can be enhanced. 
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WHAT IS CLAIMED IS: 

1. An ink jet recording head comprising a flow passage formation substrate in which 
pressure generation chambers communicating with nozzle openings are defined and a 
piezoelectric element being placed on one side of said flow passage formation substrate via a 
diaphragm and having at least a lower electrode, a piezoelectric layer, and an upper electrode, 
comprising: 

a compression film having a compressive stress and at least a part in a thickness 
direction removed in at least a part of an area opposed to the pressure generation chamber, 
thereby forming a removal part, 

2. The ink jet recording head as claimed in claim 1 wherein the compression film is 
other than the piezoelectric layer. 

3. The ink jet recording head as claimed in claim 1, wherein the compression film has 
at least a part in the thickness direction removed only in a portion along margins of the pressure 
generation chamber on both sides of said piezoelectric element in a width direction thereof 

4. The ink jet recording head as claimed in claim 1, wherein the compression film is a 
conductive film being placed between the lower electrode and the piezoelectric layer and made 
of a material substantially different from that of the lower electrode. 

5. The ink jet recording head as claimed in claim 4, wherein the conductive film is a 
film containing a second conductive film formed on the lower electrode and a first conductive 
film formed on the second conductive film and at least the second conductive film is a film 
made of a material different from that of the lower electrode. 

6. The ink jet recording head as claimed in claim 5 wherein the second conductive film 
is a film comprising either platinum or iridium. 

7. The ink jet recording head as claimed in claim 5, wherein the second conductive film 
is a metal oxide film, 

8. The ink jet recording head as claimed in claim 7, wherein the first conductive film is 
a film formed of a material for preventing lead contained in the piezoelectric layer from 
diffusing. 

9. The ink jet recording head as claimed in claim 7, wherein the second conductive film 
comprises any of iridium oxide, rhenium oxide, or ruthenium oxide. 

10. The ink jet recording head as claimed in claim 1, wherein the compression film 
forms at least a part of an elastic film forming at least a part of the diaphragm. 
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1 

2 11. The ink jet recording head as claimed in claim 10 wherein at least the residue of the 

3 compression film forming a part of the elastic film is made of a polycrystalline substance. 
4 

5 12. The ink jet recording head as claimed in claim 11, wherein the elastic film is made 

6 of the compression film only. 
7 

8 13. The ink jet recording head as claimed in claim 11, wherein the elastic film is made 

9 of a film of multiple layers and at least the top layer is the compression film. 
10 

11 14. The ink jet recording head as claimed in claim 13, wherein the compression film 

12 forming the elastic film is made of metal oxide. 
13 

14 15. The ink jet recording head as claimed in claim 14 wherein the compression film is 

15 made of zirconium oxide or hafnium oxide and has a crystal structure of a monoclinic system. 
16 

17 16. The ink jet recording head as claimed in claim 13, wherein a layer below the 

18 compression film is a layer made of a material different from the compression film in etching 

19 characteristic and is not selectively etched. 
20 

21 17. The ink jet recording head as claimed in claim 16, wherein the not selectively 

22 etched layer below the compression film is selected from metal, stabilization or partial 

23 stabilization zirconium oxide, and stabilization or partial stabilization hafnium oxide. 
24 

25 18. The ink jet recording head as claimed in claim 10 7 wherein the lower electrode is 

26 made of a film having a tensile stress and is thinner than the compression film of the portion 

27 with at least a part removed. 
28 

29 19. The ink jet recording head as claimed in claim 13, wherein the elastic film contains 

30 a silicon dioxide film or a boron-doped silicon film on the pressure generation chamber side. 
31 

32 20, The ink jet recording head as claimed in claim 1, wherein the lower electrode is 

33 made of the compression film. 
34 

35 21. The ink jet recording head as claimed in claim 20 wherein the lower electrode is 

36 made of a metal material. 
37 

38 22. The ink jet recording head as claimed in claim 20 wherein the lower electrode is 

39 made of metal oxide. 
40 
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1 23. The ink jet recording head as claimed in claim 20 wherein the lower electrode is 

2 made of metal nitride. 
3 

4 24, The ink jet recording head as claimed in claim 20, wherein the lower electrode on 

5 both sides of the piezoelectric layer in a width direction thereof is completely removed. 
6 

7 25. The ink jet recording head as claimed in claim 1, wherein the upper electrode is 

8 formed of the compression film and is patterned together with the piezoelectric layer. 
9 

10 26. The ink jet recording head as claimed in claim 25 wherein the upper electrode made 

11 of the compression film has a compressive stress at least after said piezoelectric element is 

12 patterned 
13 

Q 14 27. The ink jet recording head as claimed in claim 26 wherein the upper electrode 

15 comprises a metal material 

S 16 

yg 17 28. The ink jet recording head as claimed in claim 27 wherein the upper electrode made 

05 18 of the compression film is formed by a sputtering method and a predetermined gas is added 
£lT 19 into the metal material, whereby the upper electrode becomes a compressive stress. 

r 20 

m 21 29. The ink jet recording head as claimed in claim 28 wherein the predetermined gas is 

H 22 an inert gas selected from helium, neon, argon, krypton, xenon, and radon. 

6 23 

ITf 

,}~ 24 30. The ink jet recording head as claimed in claim 27 wherein at least one additive 

|0 25 selected from metal, semimetal, semiconductor, and insulator different in constituent is added 

26 into the metal material, whereby the upper electrode made of the compression film becomes a 

27 compressive stress. 
28 

29 31. The ink jet recording head as claimed in claim 30 wherein the additive is added to 

30 the upper electrode by executing ion implantation. 
31 

32 32. The ink jet recording head as claimed in claim 30 wherein the additive is added to 

33 the upper electrode by executing solid-phase diffusion from a layer placed on the upper 

34 electrode. 
35 

36 33, The ink jet recording head as claimed in claim 32 wherein the solid-phase diffusion 

37 is executed by heating in an insert gas or in vacuum. 
38 

39 34. The ink jet recording head as claimed in claim 25, wherein the upper electrode has 

40 a first electrode formed on a surface of the piezoelectric layer and a second electrode deposited 

41 on the first electrode and the second electrode is a film made of metal oxide or metal nitride. 
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1 

2 35. The ink jet recording head as claimed in claim 34 wherein the first electrode 

3 comprises a metal material. 
4 

5 36. The ink jet recording head as claimed in claim 21, wherein the metal material is 

6 selected from platinum, palladium, iridium, rhodium, osmium, ruthenium, and rhenium, and 

7 compounds thereof, 
8 

9 37. The ink jet recording head as claimed in claim 14, wherein the metal oxide is 

10 selected from ruthenium oxide, indium oxide tin, cadmium indium oxide, tin oxide, manganese 

11 oxide, rhenium oxide, iridium oxide, strontium ruthenium oxide, indium oxide, zinc oxide, 

12 titanium oxide, zirconium oxide, tantalum oxide, hafnium oxide, osmium oxide, rhodium oxide, 

13 palladium oxide, and molybdenum oxide, and compounds thereof. 
14 

15 38. The ink jet recording head as claimed in claim 23, wherein the metal nitride is 

16 selected from titanium nitride, niobium nitride, zirconium nitride, tungsten nitride, hafnium 

17 nitride, molybdenum nitride, tantalum nitride, chromium nitride, and palladium nitride, and 

18 compounds thereof. 
19 

20 39. The ink jet recording head as claimed in claim 37, wherein layers formed of the 

21 metal oxide and the metal nitride are formed by oxidation or nitriding after film formation. 
22 

23 40. The ink jet recording head as claimed in claim 1, wherein the elastic film forming at least a 

24 part of the diaphragm has at least a part in a thickness direction removed in an area which is 

25 opposed to the pressure generation chamber and is other than the piezoelectric layer. 
26 

27 41. The ink jet recording head as claimed in claim 40 wherein the elastic film has at 

28 least a part in the thickness direction removed only in a portion along the margins of the 

29 pressure generation chamber on both sides of said piezoelectric element in the width direction 

30 thereof. 
31 

32 42. The ink jet recording head as claimed in claim 40, wherein said piezoelectric 

33 element is formed on the elastic film so as to extend to the portion with at least a part of the 

34 elastic film removed. 
35 

36 43. The ink jet recording head as claimed in claim 42 wherein the piezoelectric layer 

37 forming said piezoelectric element is roughly uniformly thick. 
38 

39 44. The ink jet recording head as claimed in claim 42 wherein an end of the extension 

40 of the piezoelectric layer forming said piezoelectric element to the portion with the part of the 

41 elastic film removed is thicker than other portions. 
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1 

2 45. The ink jet recording head as claimed in claim 40, wherein at least a part of the 

3 piezoelectric layer is formed across an area opposed to the pressure generation chamber and 

4 said piezoelectric element is formed by patterning only the upper electrode or the upper 

5 electrode and a part of the piezoelectric layer in a thickness direction thereof. 
6 

7 46, The ink jet recording head as claimed in claim 40 ? wherein the lower electrode is 

8 placed uniformly in an area opposed to said piezoelectric element and in other areas. 
9 

10 47. The ink jet recording head as claimed in claim 1, wherein the diaphragm is 

11 deformed convex outwardly from the pressure generation chamber. 
12 

13 48. The ink jet recording head as claimed in claim 1, wherein a stress of the 

14 piezoelectric layer when a drive force load is imposed on said piezoelectric element is equal to 

15 a stress at the piezoelectric layer formation time or is larger in a tension direction. 
16 

17 49. The ink jet recording head as claimed in claim 48 wherein said piezoelectric 

18 element in the area opposed to the pressure generation chamber is bent convex to the 

19 piezoelectric layer side when the pressure generation chamber is formed. 
20 

21 50. The ink jet recording head as claimed in claim 48, wherein an expansion force of a 

22 portion of the diaphragm opposed to said piezoelectric element in the area opposed to the 

23 pressure generation chamber is relatively smaller to the compression side than an expansion 

24 force in other than the area opposed to said piezoelectric element. 
25 

26 51. The ink jet recording head as claimed in any one of claims 1 to 50 wherein the 

27 pressure generation chambers are formed on a silicon monocrystalline substrate by anisotropic 

28 etching and the layers of said piezoelectric element are formed by film forming and 

29 lithography process. 
30 

31 52. An ink jet recorder comprising an ink jet recording head as claimed in any one of 

32 claims 1 to 50. 

33 

34 53. The ink jet recording head as claimed in claim 1, wherein said compression film is 

35 an elastic film and said lower electrode film is formed uniformly on said elastic film without 

36 patterning. 
37 

38 54. The ink jet recording head as claimed in claim 1, wherein ends of said piezoelectric 

39 element are extended to an area opposite to said removal part. 
40 



- 34 - 



1 55. The ink jet recording head as claimed in claim 1, wherein said first electrode is said 

2 compression film. 
3 

4 56. A method of making an ink jet recording head having a flow passage formation 

5 substrate comprising the steps of: 

6 forming an elastic film having a compressive stress on said flow passage formation 

7 substrate; 

8 forming a first electrode film on said elastic film; 

9 forming a piezoelectric film on said electrode film; 

10 forming a second electrode film on said piezoelectric film; 

11 etching said second electrode film, said piezoelectric film, and said first electrode film 

12 to form a piezoelectric part; and 

13 overetching said elastic film in the thickness direction to form elastic film removal 

14 parts. 
15 

16 57. The method of claim 56, wherein said piezoelectric film, said first electrode film, 

17 and said second electrode film are under tension before said etching step. 
18 

19 58. The method of claim 57, wherein said etching step and said overetching step are 

20 performed so that tensile stresses released during said etching step balance with a compressive 

21 stress released during said overetching step. 
22 

23 59. The method of claim 58, wherein said elastic film comprises at least 2 layers. 
24 

25 60. A method of making an ink jet recording head having a flow passage formation 

26 substrate and pressure generating chambers formed therein comprising the steps of: 

27 forming a compressive film having a compressive stress on said flow passage 

28 formation substrate; 

29 overetching said compressive film in the thickness direction to form elastic film 

30 removal parts; 

31 forming a lower electrode film on said overetched compressive film; 

32 forming a piezoelectric active part on said lower electrode film. 
33 

34 61. The method of claim 60, wherein said piezoelectric active part includes a 

35 piezoelectric film formed over substantially all of said flow passage formation substrate and an 

36 upper electrode film formed on said piezoelctric film. 
37 

38 62. The method of claim 56, further including the steps of: 

39 extending said piezoelectric active part in the width direction to an area opposed to said 

40 elastic film removal part. 
41 
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1 63. A method of making an ink jet recording head having a flow passage formation 

2 substrate comprising the steps of: 

3 forming an compressive film having a compressive stress on said flow passage 

4 formation substrate; 

5 forming a piezoelectric part; and 

6 overetching said compressive film in the thickness direction to form elastic film 

7 removal parts. 
8 

9 64. The ink jet recording head as claimed in claim 4, wherein said conductive film is a 

10 metal oxide film. 
11 

12 65. The ink jet recording head as claimed in claim 4, wherein said conductive film is a 

13 film formed of a material for preventing lead contained in the piezoelectric layer from diffusing. 
14 

15 66. The ink jet recording head as claimed in claim 65, wherein said material for 

16 preventing lead contained in the piezoelectric layer from diffusing is selected from iridium, 

17 iridium oxide, ruthenium oxide and rhenium oxide. 
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ABSTRACT OF THE DISCLOSURE 



To provide an ink jet recording head with a decreased initial deflection amount of a 
diaphragm and an ink jet recorder comprising the ink jet recording head An ink jet recording 
head which has a flow passage formation substrate 10 where pressure generation chambers 12 
communicating with nozzle openings are defined and a piezoelectric element being placed on 
one side of the flow passage formation substrate 10 via a diaphragm and having at least a lower 
electrode 60, a piezoelectric layer 70, and an upper electrode 80, characterized in that at least 
one of layers deposited together with the piezoelectric layer 70 is a compression film 50 having 
a compressive stress and the compression film 50 has at least a part in a thickness direction 
removed in at least a part of an area opposed to the pressure generation chamber, whereby the 
stress of the whole film is decreased 
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